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Text — Image — manually created chemicals

113 LS Tamse e 114 ] As text

diluted 100mi) The lay

d 42,75 ~continued — -
m
‘brine {100 ml} belore drying over sodium sulfate. The onganic

.
i e oo s el proves i b Chemical names

As bitmap images s - found in the text of

documents

1H-py m\lolz,s-l« yeicing-3-ylmethy yphenol 15

1
nihesis of 3-Bromo-1H-pyrrelo[ 2.3 blpyridine 3- 1
15 ylolethyl}-dimethyl-amine 13, |
toa was added S-hromo-T-azaindol |
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e - Schume 4

Pictures of chemicals
found in the document
Images

(54.0 mg.0.002741 moland Dimethylamine hydrochloride
(034 . 0.0030 mal and Paraformaldehiyde (0,090 g, 0.0030

) and Isopropyl 522 mol). The reac-
tiog misture was heated reflus for 7 ours. The reaction
Otill
Mﬂs\ Then iseagueous lyer wos exirnciod with EOAC. The
o nyer was washed with brine, dred over sodiu al-
13
.xsd.o mg, iogether with 1800 mgstarting matesial recavered.

Siap 2 Symbosis of 5o -ty oty -
rolg|2,3-b [pyridine-1-carboxylic acid lert-buty] e:
o1 Round botso flask was udd:duwmrnnnd 13 (:woo
& LN-I (100w,
0109 mol) and sodiun ydride (66 . 00016 ). 10

0030 mol). The

35 pergture for another 2 hours. 11.L indicated no staning mate-
riall The reactinn mixture was poured info water, extracted
with EIOAC. The arganic layer was washed wi rine. dri
ovep sodium sulfie, concentrated s dried with il pump
WVT weckend to give 540 mg prouct 16.

1

1

1

I

1

1

1

1

1

1

1

1

1

w 1

Sich-3 Synthesis of 3-Dimethylominomethy-S-thiophen-3-

y\-'yrr\:llﬂ?.!-h\pyml e-1-carboxylic acid teri-butyl ester :
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EM o Round botiam flask compound 16 (6280 mg,
1773 mol) and 3-thiolphene boronic acid (390.0 mg,
0003048 ol and Potassiom carbonate (5000 mg, 0.00575%
mof) and Tetmkis(tripheny phosphine palladiom(0) (400

0.0000346 mol) and Tetrahydrofuran (16.0 ml., 0.197
mo}) and Water (4.0 mL, 0.22 mol) under an atmosphere of
Nithogen. The reaction was heated to reflux overnight. The
reabtion mixture was poured info water, extracted with
FAc. The ongarie Layer s washed with brine, drid over

e i ;

<« probinct 17 (600.0 mg).
Step-+ 3-Chloromethyl-Shiophen-3-yl-pymolo(2.3-blpyri-
ding-1-carboxylic acid tert-butyl ester 18
o 8 lemi hnlln\m flask was sdded compound 17 {120.0
00034 Toluene (4.0mL, 0.038 mol) under an
[my:n To dmluﬂmn mixture was added B

o mglo,
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Can you find the key molecule’s in an unstructured text,
for example a scientific journal or patent? = A E

Chemical nomenclature can be daunting

a) (2P/4S)-4-[4-Amino-5-(4-benzyloxy-phenyl)pyrrolo[2,3-d]pyrimidin-7-yl]-2-
hydroxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester prepared analogously to
Example 18 starting from (2R/4S)-4-[4-amino-5-(4-benzyloxy-phenyl)-pyrrolo[2,3-
d]pyrimidin-7-yl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester (Example
20a). 1 H-NMR (CDCI3, ppm): 8.52 (s, 1H), 7.52-7.32 (m, 7H), 7.1 (d, 2H), 6.95 (d,1 H), 5.50
(m, 1H), 5.13 (s, 2H), 4.62-4.42 (m, 2H), 4.28 (m, 2H), 4.10 (m, 1H), 3.95-3.70 (m, 1H), 2.75 (m,
1H), 2.50 (m, 1H),1.49 (s, 9H).

b) (2R/4S)-{4-[4-Amino-5-(4-benzyloxy-phenyl)-pyrrolo[2,3-d]pyrimidin-7-yl]-pyrrolidin-
2-yl}-methanol: 0.100 g of (2R/4S)4-[4-amino-5-(4-benzyloxy-phenyl)-pyrrolo[2,3-
d]pyrimidin-7-yl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester is dissolved in 4 ml of
tetrahydrofuran; 10 ml of 4M hydrogen chloride in diethyl ether are added, and stirring is
carried out for 1 hour at room temperature. The product is filtered off and dried under a
high vacuum. The dihydrochloride of the title compound is obtained. 1 H-NMR (CD3 OD,
ppm): 8.4 (s, 1H); 7.60 (s, 1H), 7.5-7.10 (m, 9H), 5.65 (m, 1H), 5.18 (s, 2H), 4.32 (m, 1H), 4.00-
3.65 (m, 4H), 2.60 (m, 2H).

EXAMPLE 24
(2R/4S)-4-(4-Amino-5-phenyl-pyrrolo[2,3-d]pyrimidin-7-yl)-1-(2,2-dimethyl-propionyl)-
pyrrolidine-2-carboxylic acid ethyl ester 0.130 g of (2R/4S)-4-(4-benzyloxycarbonylamino-5-
phenyl-pyrrolo[2,3-d]pyrimidin-7-yl)-1-(2,2-dimethyl-propionyl)-pyrrolidine-2-carboxylic
acid ethyl ester is dissolved in 8 ml of methanol, and the solution is hydrogenated over
0.030 g of palladium-on-carbon (10%) for 1 hour at normal pressure. The catalyst is
removed by filtration, the filtrate is concentrated by



entity identification

a) (2P/4S)-4-[4-Amino-5-(4-benzyloxy-phenyl)pyrrolo[2,3-d]pyrimidin-7-yl]-2-hydroxymethyl-pyrrolidine-
1-carboxylic acid tert-butyl ester prepared analogously to Example 18 starting from (2R/4S)-4-[4-amino-5-
(4-benzyloxy-phenyl)-pyrRal2,.3-d]pyrimidin-7-yl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-
ethyl ester (Example 20a). 3, ppm): 8.52 (s, 1H), 7.52-7.32 (m, 7H), 7.1 (d, 2H), 6.95 (d,1 H),
5.50 (m, 1H), 5.13 (s R (m 4.10 (m : D (m 5 (m, 1H),

b) (2R/4S)-{4
0.100 g of (
dicarboxylic aci
in diethyl et
filtered off ang
NMR (CD3 OL

(2R/4S)-4-(4- 2-
carboxylic 3
d]pyrimidin-7-yl ml of



identify the chemical names — then convert them to structures ;
[chemical names -> structures] !

entity identification

a) (2P/4S)-4-[4-Amino-5-(4-benzyloxy-phenyl)pyrrolo[2,3-d]pyrimidin-7-yl]-2-hydroxymethyl-pyrrolidine-

1-carboxylic acid tert-butyl ester prepared analogously to Example 18 starting from (2R/4S)-4-[4-amino-5-
(4-benzyloxy-phenyl)-pyrRal2,.3-d]pyrimidin-7-yl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

ethyl ester (Example 20a). 3, ppm): 8.52 (s, 1H), 7.52-7.32 (m, 7H), 7.1 (d, 2H), 6.95 (d,1 H),
5.50 (m, 1H), 5.13 (s R (m 4.10 (m : D (m 5 (m, 1H),

b) (2R/4S)-{4-

nol:
0.100 g of (
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ChemAxon [ Name = Structure |



Typical problems encountered when dealing with OCR text

Improper spacing within the chemical name:

2-_(Bicyclo_[2.2._1] hept-5-en-2-ylamino)_-5-_[2- (4-chloro-3-methylphenoxy)_ethyl]-l,_3-_thiazol-4_(5H)-one

Aun o liss: rr7 r2 rr 7

indane, 1,2, 3,4- tetrahydroquinoline, 3,_4-dihydro-2H-1,_4-benzoxazine, 1,5-naphthyridine, 1, 8- naphthyridine

Numgering of compounﬂgz ’

Comparative Example 3, 2-bromo-4- (1, 3-dioxo-1, 3-dihydro-2H-isoindol-2-yl) butanoic acid 4-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl) butanoic acid

Formatting ‘sues:

2-[2-(bicyclo [2.2. 1] hept-5-en-2-ylamino) -4-ox0-4, 5-dihydro-1, 3-thiazol-5-yl] -N-<BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> (4-metlioxyphenyl)-N-
methylacetamide

Missing or Incorrect Parenthesis: ’

5-(2-anilinoethyl)-2-[(2-cyclohex-1-en-1-ylethyl)amino}-1,3-thiazol-4(5H)-one




Image entity recognition

IBM pioneered a process for converting images of chemical structures —
into Mol files (machine readable representations of chemical structures...)

We can also analyze the image content of patents & journals



Optical Recognition of Chemical Structures (OROCS)

Richard Casey, Siephen Boyer, Faal Healey, Alex Miller, Bemadelte Qudet, and Karl Zilles

IBM Almaden Besearch Center, 650 Harry Road, San Jose, Californda 93120 USA

Abstract
A prowtype rprem for eecodleg chemical srracraens
dlagrams from soommed printed documents iy dereribad,
The rptem diringuirker o struciuee dlagram from oiher
prinied moleriol om & page image miep sie oed
spaciny chorackeristics, It dinieguirkes lne grophice
from symboly in an imlermedicte vectorizotion slage.
Lire Informadlon Iy mapped ieto a conmection disgram
dhat represenis alowds bondr Aremic spmbols are

darabare  porape  aed  remisval,  pablishieg,  and
madeling,

Esywords: docamenl mnalysis, graphics recogmition, line
drowing anslysis, pursm recognithon, chemicel graphics
Introdsction

Teday, there are vast dalabases of chemical and bao-
logical information, afl dependem on graphical represenis-
liens of molecules as e critical Teature allowing data 1o
be mcoessed via setsorucoure sesrching echnigqess. Unce o
datghase i@ crealed, @ sorves as @w cooral facilsty for a
wealth of otber applicaiions, such as isformation recieval,
peblishing, scsentifs analyss, e (foe Figure 1
Facilities for eniering grapibcal data are less advanced than
thoss [or manipalaling il For many years this problem has
lmpalﬂlhhluﬂrh:mdmm:mhu
uliliry mags, enginesring &agrams, chemical data
anmm-pIphlﬂluh}WIlndlllﬂﬂﬁ:ﬂnﬂtﬂﬂ-

Einecring dizgram for example, reguires appreciable fme
mﬂmp-tnflrlhudnpemw Fragquently, it roguises 4
duplicsion of effen in the senze that e oporator works
[rom am existing deawing or hand skeich  Chemical sous.
tures that are candidaies for addidos po dstsbeess, [
example, are allen sready praved in pousmals and catalogs,

In this paper we deszibe s @ inio ihe
eslion of a coded represemtation of a chemdeal

. . REACCS
FH Script A

i H-UII-L'HI]
A [vorriies ] #

1 /’, i Hiu!um

Gremlin CPX
“Interact
Flgure 1. MOL file epplocacions.

sieps that desecis Bines and delcrmines their Erervelaioes,
recognizes geometic shapes, distimguiches printed chamc-
ters and endockes them by sncase of OCR, end creanss &
coennection iable expressing the resulis. This musi be done
while accommodating dillersnl drawing convenbons, and,
imporamly, epplying the rales of chemistry lo nesolve
ambiguilics and 1 validale revsls.  [b i the problem aof
enocding engineering drawings, bul on a smaller scale, and
with a wealth of comexnial Eformation aviilible o be
applied in the process.

Fincu this praject was begum in 15988, oder reewrchers
have repomed om the recognition of chemical structures
wsing Effzrent techniques [1-4]. The methodelogy reporesd
beere wis granied & Uniied Stales patent in 1992 [5].

Repressslation of Chemical Streciures

A number ol equival Thodds amc ilable fur
represenling the chemical al & leule. ep.
adjacency malrces, comnoclion tables, and linked lists
Recent effers 1o develop sandasds for molecular connec-
tion tables Tange lrom e Bmookhaven Proleis Dala Bank

saiing from an oplicully scamned disgram en a primed
plp-Thnulp-hmmmnﬂdmmmunllll:wa
prelimizery snalysis of the inpul decumenl in order o
discrimirace & chemical strusture diagram from other prize-
ed ipformation on the page. Then follows & segqeence of

I w0 twe Molecular Design Limited (MDL] MOLFILE
formay, the Suedard Molecular Dz (SMD) formas [6] and
wihers |7]. For cur purposes, we heve eleced 1o wee the
MM MOLFILE [£] as the format lor the praphecal repre-
seniaiion of the chemicall siruciueres for our oplical recogni-




/
Ketazolam [/971] (kee tay' gzoe lam). CyH;7CIN;Os.
368.81. (1) 4H-[1,3]-Oxazipo|3,2-d][ | 4]benzodiazepine-
J(6H)-dione, ll-chloro-SI 2b-dihydro-2,8-dimethyl-; (2)
11-Chloro-8,12b-dihydrg=2,8-dimethyl-12b-phenyl-4H-
[1,3]-0xazino|3,2-d][1,4fbenzodiazepine-4,7(6H)dione.
CAS-27223-35-4. INN; BAN. Tranquilizer (minor). <-U-
28,774

Scan

| |
| Separate
¥

Vectorize

-
Segment

|

Cleanup

1 ]
OCR

|

Structure
Recognition

) 1 ]
\Aggregation

3

Post Process

0=C(CN1C2(C3=CC=CC=C3)0C(C)=CC1=0)
N(C)C4=C2C=C(Cl)C=C4



Chemical image recognition programs

Programs for image recognition of chemical structures

OSRA - (NIH)

Clide Pro (Keymodule Itd - Peter Johnson)

Kukleae

Fraunhofer chemoCR (Fraunfofer Inst )

ChemReader - (Univ of Michigan)



Extract the images
From the page
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s 050982
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images

B
1z United States Patent 0 Patent Na: US 7,504,500 B2
orahim o4 al (4 Date of Patent: Mar. 17,2009
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Pre-processing of the
images makes a significan
difference

SMILE String

OCR the chemical image




Extract the images
From the page

images

SO

1z United States Patent
Irahim ef al,

US 7,504,509 B2
Mar. 17, 2009

SMILE String

Isolate the chemica

750450,

750450,

750450...

Pre-processing of the
images makes a significan
difference

OCR the chemical image




Folccoiccl Jelc{CSCc2ococo2)[nHlc2ncococ12

O=C{MNCec1ecceni )NCele[nH)c2nceocl1 2

N

CC{=0)Nc1 ccoco(ct)cloenc2[nH}cocc2e1

a .
MNH
4
NH
4
NWH
D&"NH N___
W
TN
T
-
/
| N
<N NH

Foloo(F)ecict ol cenc2[nHlece1 2

Examples :
Results from
OCR
of chemical
images

Source : Dr John Kinney



Chemical derived from OCR of image data

N

Ocleceo(c1)C(=0)cicinHlc2necc(c3ce(Fjec(F)c3)c12

Examples :
Results from
OCR
S of chemical

Cclonc{c1)Ci=0)c1c[nH]c2nec(cci2)ciccencd I m a ge S

Cclonc{c1)Ci=0)c1c[nH]c2nee(cc12)cicscel

Source : Dr John Kinney
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Processing
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CDX / MOL files
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SDF files




Chemistry Text : ' Chemistry Image
Processing = Processing
Operations Operations

Manually Created Data

Text
e ‘Clip’ Images

CDX / MOL files
Multi-step post OSRA /C'Ide

. \ —
/ processing —
Operations

SMILES : SDF files

CDX / MOL

ChemAxon Converter -tools
ChemAxon Structure Checker
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DB2 ver 9.5 EE

>7 M SMILES

X series 366
4 Xeon Processors
16 Gig Ram
Cento—-5.x

v

-

A

(Result set (top 100 Mol ids)
Transformed into SMILES &
linked to patents + Medline etc)

J Chem ]

>

/

Text File \
SMILES

SMILES + ‘l' | (Open Babel)

chem name —>| InChi

- — ! (IUPAC)

\InChi Key /

J Chem
Manager

(Computes
various chem
Properties)

ChemAxon - All molecules table

Mol

id / CA SMILES/ Formula / MW/ OtherDat;

CA finger prints + J Mole Zip files

1

Java APU

| Rea|: Magic happens here !



ChemAxon Technologies that enable computer curation

K- Name = Structure -\

Structure = Name

Structure Checker -
Marvin View II

J Chem Manager

J Chem

Instant J Chem

\[ Magic happens here ]/
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